Introduction {#S0001}
============

Colorectal cancer (CRC) is a common malignancy in both Denmark and the Western world.[@CIT0001] Screening has shown to reduce the CRC-specific mortality.[@CIT0002]--[@CIT0005] The use of fecal occult blood test (FOBT) is recommended as the primary tool of screening by the European Guidelines for Quality Assurance in CRC screening and diagnosis.[@CIT0006] In case of a positive FOBT, participants subsequently receive a colonic examination which is generally an Optical Colonoscopy (OC).

The Danish screening program was initiated in March 2014. Participation is free of charge and citizens aging from 50 to 74 years are invited on equal terms. The screening program uses (Fecal Immunochemical Test \[FIT\]; OC Sensor System; Eiken Chemical Company, Tokyo, Japan) to detect traces of blood in stool samples as the primary tool of inclusion. The cut-off value in Denmark is established at 100 ng hemoglobin/mL buffer (equal to 20 µg hgb./g feces).[@CIT0007] In the Dutch screening program, the cut-off value was increased from 15 to 47 µg hgb./g feces due to higher participation rate and lower positive predictive value (PPV) than predicted.[@CIT0008] Brenner et al, argue that a cut-off value of 15 µg hgb./g feces would ensure a specificity of 95% and a PPV of 47% for the detection of advanced neoplasia during subsequent diagnostic OC.[@CIT0009]

The FIT is characterized by a higher sensitivity compared to earlier tests such as the Guaiac-based FOBT, low costs, and simple distribution options.[@CIT0010] Imperiale et al, reported a sensitivity for detecting CRC at 73.8% and 23.8% for advanced precursor lesions with a specificity at nearly 95% in 9,989 persons investigated by OC, who had submitted a FIT test with a cut-off value equal to the one used in the Danish CRC screening program.[@CIT0011]

In Denmark, OC is offered to all FIT-positive participants. FIT and OC uptake, both in screening and in general, is known to be affected by a number of factors, including age, gender, and social deprivation.[@CIT0012]--[@CIT0016] Both FIT and OC performance may have consequences for the success of the screening program. A delay in uptake might hold potential for neoplastic progression, as suggested by Corley et al.[@CIT0017] A few other studies addressed this problem, however small samples limited the power.[@CIT0018],[@CIT0019] Furthermore, all these studies examined the time from positive FOBT result to final OC, and do not include the time from initial screening invitation to final OC. The causes and consequences of prolonged time from the initial screening invite to a positive FOBT have, to our knowledge not yet been investigated. The objective of this study was to evaluate whether extended response time to the conclusive screening examination impacts the probability of being diagnosed with CRC or precursor lesions.

Materials and methods {#S0002}
=====================

We conducted a cross-sectional study using a register-based approach. All individual-level data were linked using the Danish civil registration number, a unique identifier given at birth or immigration to all residents by the Civil Registration System. The study population consisted of all FIT-positive screening participants in Denmark between March 2014 and December 2016. Invitations were sent to all citizens between 50 and 74 years of age, resulting in a total of 1,437,836 invitations in this period. 899,411 (62.6%) accepted the invitation by submitting a fecal sample, of which 62,554 tested FIT-positive (6.9%).[@CIT0007]

All screening invitees receive a FIT-kit containing sample tubes and stool collection tools, along with a written invitation in the mail, followed by two reminders. A positive FIT is followed by a written invitation to OC within two weeks sent both electronically to a secure personal inbox and by mail. The invitation contains an appointment for OC as well as patient information regarding the procedure. The results are discussed with the participant after OC. Participants with an incomplete OC are referred to CT colonography. Detection of polyps, cancer, or stenosis will result in a second OC in propofol sedation or general anesthesia. All pathology results will be sent by letter, in case of unexpected findings the participant will be invited to the out-patient clinic. Depending on the findings, participants are contacted either electronically or by phone after pathology results are obtained.

Known factors of incomplete OC investigations include poor bowel cleansing, inflammatory bowel disease, female gender, and history of abdominal or pelvic surgery.[@CIT0020],[@CIT0021]

A positive CT colonography will be followed up by a second OC in propofol sedation or general anesthesia.

From 2014 till 2017 the national screening program was rolled out, and now invites all citizens in the designated age-group biannually.

Cancer outcomes and time to conclusive examination {#S0002-S2001}
--------------------------------------------------

Four different outcomes were analyzed separately: detection of any CRC, advanced stage CRC, high-risk adenomas, and low-risk adenomas. Screen-detected CRC was defined as pathologically confirmed cancer in the colon or rectum detected during a screening examination. The CRC stage was registered according to the TNM classification (UICC 8th edition). Advanced stage CRC was defined as UICC stage III and IV. High-risk adenomas were defined as one adenoma ≥10 mm in diameter, three or more adenomas, tubulovillous/villous histology, and/or high-grade dysplasia. Low-risk adenomas were defined as fewer than three adenomas, \<10 mm in diameter and tubular histology with low-grade dysplasia. All participants were registered once, by their most "severe" pathology.

The exposure in this study was defined as time elapsing from invitation to conclusive OC. Elapsed time was treated as a continuous variable divided into four intervals: The reference was ≤30 days and categories of comparison were 31--60 days, 61--90 days, and \>90 days, respectively. These intervals were chosen to balance sample sizes on outcome distributions and to meet monthly intervals as practical cut-offs. The year of invitation was added as a variable containing the categories 2014, 2015, and 2016.

The results were adjusted for age (50--54, 55--59, 60--64, 65--69, and 70--75), gender and year of invitation were included in the analysis.

Data sources {#S0002-S2002}
------------

All data were obtained from the Danish Colorectal Cancer Screening Database (DCCSD), a clinical quality assessment database established to monitor the program. The database merges data from other registers: The Danish National Patient Registry, The National Pathology Registry, The Danish Colorectal Cancer Group, and The Invitation and Administration Module for the screening program. All data are gathered electronically, and no manual entering of data is performed directly into the DCCSD. No data concerning cancer location, ie, rectal or colonic, or synchronisms were available. Data from 2017 were not obtainable at the time of data extraction (05-02-2018).

Statistical methods {#S0002-S2003}
-------------------

A multivariable logistic regression was used to assess the outcome probability and to adjust for confounding effects. Adjusted odds ratios (ORs) and 95% confidence intervals were used to present estimates. Observations with missing data were excluded from the main analysis, but were not excluded from the study.

The latest available date of the conclusive examination was chosen to ensure that the registered procedure was completed. The sensitivity analysis included changing the groups of exposure to different response times, so that exposure was either the time from invitation to positive-FIT result (the date the lab received the sample) or the time from a positive FIT (lab-date) to the latest performed OC.

Analyses were performed in STATA version 15.0. (StataCorp LLC, College Station, Texas, USA).

Ethics {#S0002-S2004}
------

Due to the register-based approach, no approval was required from the National Committee on Health Research Ethics. The study has been reported to the Danish Data Protection Agency, journal 18/2913. All data were stored in accordance with Danish legislation and were pseudo-anonymized before analysis.

Results {#S0003}
=======

From 2014 to 2016, 62,554 screening participants tested FIT-positive (6.9%), of these 57,370 (91.7%) participants accepted the invitation for OC ([Table 1](#T0001){ref-type="table"}). A total of 4,100 (6.6%) participants were registered without a conclusive outcome for OC and 99 (0.2%) participants were registered with inconclusive examinations ([Figure 1](#F0001){ref-type="fig"}). This resulted in a population of 53,171 (85.0%) participants eligible for analysis in this study.Table 1Characteristics among screening participants testing FIT-positive followed by OC (N=57,370)CharacteristicsTime-to-examination (%)Days≤3031--6061--90\>90Total**Total participants**11,060 (19.3%)24,244 (42.3%)10,237 (17.8%)11,829 (20.6%)57,370 (100%)**Gender** Women4,991 (45.1)11,064 (45.6)4,404 (43.0)4,798 (40.6)25,257 (44.0) Men6,069 (54.9)13,180 (54.4)5,833 (57.0)7,031 (59.4)32,113 (56.0)**Age, years** 50--541,304 (11.8)4,056 (16.7)2,440 (23.8)2,533 (21.4)10,333 (18.0) 55--591,340 (12.1)3,170 (13.1)1,530 (15.0)1,583 (13.4)7,623 (13.3) 60--641,854 (16.8)4,203 (17.3)1,713 (16.7)1,859 (15.7)9,629 (16.8) 65--692,639 (23.9)5,208 (21.5)1,946 (19.0)2,421 (20.5)12,214 (21.3) ≥703,923 (35.5)7,607 (31.4)2,608 (25.5)3,433 (29.0)17,571 (30.6) Median (IQR)63.7 (49--76)63.7 (49--76)63.7 (49--76)63.7 (49--76)63.7 (49--76)**Year of FIT-test** 20142,346 (21.2)6,859 (28.3)2,761 (27.0)3,632 (30.7)15,598 (27.2) 20153,905 (35.3)8,466 (34.9)3,563 (34.8)4,077 (34.5)20,011 (34.9) 20164,809 (43.5)8,919 (36.8)3,913 (38.2)4,120 (34.8)21,761 (37.9)[^1] Figure 1Flow of screening participants.**Abbreviations:** FIT, Fecal Immunochemical Test; OC, Optical Colonoscopy.

A conclusive investigation was performed within 30 days in 11,060 (19.3%) participants, within 31--60 days in 24,244 (42.3%) participants, within 61--90 days in 10,237 (17.8%) participants, and after 90 days in 11,829 (20.6%).

The median age was 63.7 years (Interquartile Range \[IQR\], 49--76 years), 25,257 (44.0%) of participants were female and 79.4% underwent a conclusive investigation within 90 days of their initial invitation. The mean time from invitation to final OC in the group \>90 days was 174 days (IQR, 91--1,348 days) and for the entire population 72.2 days (IQR, 10--1,348 days).

An increasing number of participants were over time receiving OC as the screening program was rolled out: 15,598 (27.2%) in 2014, 20,011 (34.9%) in 2015, and 21,761 (37.9%) in 2016.

CRC was detected in 3,639 participants ([Table 2](#T0002){ref-type="table"}). In addition, 17,732 participants with high-risk adenomas and 10,605 participants with low-risk adenomas were identified during screening. Of the 5,184 participants who did not receive further investigations, age and gender distributions were similar to the remaining population.Table 2Odds ratios of OC-outcomes as time to conclusive examination increases in screening participantsTime to examinationNo. of cases (%)Adjusted odds ratio (95% CI)^a^Unadjusted odds ratio (95% CI)**Colorectal cancer (n=3,639)** ≤30 days458 (4.1)1 (reference)1 (reference) 31--60 days1,178 (4.9)1.24 (1.11--1.39)1.18 (1.06--1.32) 61--90 days578 (5.7)1.59 (1.40--1.80)1.39 (1.22--1.57) \>90 days1,425 (12.1)3.49 (3.13--3.89)3.17 (2.84--3.53)**Advanced stage colorectal cancer (n=1,042)** ≤30 days158 (1.4)1 (reference)1 (reference) 31--60 days380 (1.6)1.14 (0.95--1.38)1.10 (0.91--1.32) 61--90 days178 (1.7)1.37 (1.10--1.71)1.22 (0.98--1.51) \>90 days326 (2.8)2.10 (1.73--2.56)1.96 (1.61--2.37)**High-risk adenomas (n=17,732)** ≤30 days3,161 (28.6)1 (reference)1 (reference) 31--60 days6,985 (28.8)1.01 (0.99--1.10)1.01 (0.96--1.06) 61--90 days3,105 (30.3)1.16 (1.09--1.23)1.09 (1.03--1.15) \>90 days4,472 (37.8)1.59 (1.50--1.68)1.52 (1.44--1.61)**Low-risk adenomas (n=10,605)** ≤30 days2,268 (20.5)1 (reference)1 (reference) 31--60 days4,887 (20.2)0.97 (0.92--1.03)0.98 (0.93--1.03) 61--90 days1,960 (19.1)0.91 (0.85--0.97)0.92 (0.86--0.98) \>90 days1,490 (12.6)0.55 (0.51--0.59)0.56 (0.52--0.60)[^2][^3]

Compared to participants receiving the conclusive screening examination within 30 days after the initial invite, those receiving the examination after 31--60 days were 1.24 times more likely to be diagnosed with CRC (OR 1.24 \[95% CI, 1.11--1.39\]) ([Table 2](#T0002){ref-type="table"}). Those receiving the conclusive screening examination 31--60 days after invitation were also 1.57 times more likely to have a stage I CRC compared to the reference group (OR 1.57 \[95% CI, 1.27-1.96\]) ([Table S1](#ST0001)). The probability of detecting advanced stage disease, high-risk adenomas, or low-risk adenomas were not associated with recieving a conclusive screening examination 31--60 days after initial invitation.

The group receiving a conclusive investigation 61--90 days after invitation had a significant higher probability of having CRC (OR 1.59 \[95% CI, 1.40--1.80\]), advanced stage disease (OR 1.37 \[95% CI, 1.10--1.71\]), and high-risk adenomas (OR 1.16 \[95% CI, 1.09--1.23\]) compared to the reference group (\<30 days). The 61--90 days group had a lower probability for low-risk adenomas (OR 0.91 \[95% CI, 0.85--0.97)\]. In the same group, the probability of stage I, II, and III CRC was higher than in the reference group (OR 2.16 \[95% CI, 1.70--2.74\], OR 1.32 \[95% CI, 1.03--1.68\], and OR 1.46 \[95% CI, 1.13--1.88\], respectively).

In the group receiving the conclusive screening examination after 90 days, the same trend is seen as in the 61--90 days group. Participants were more likely to be diagnosed with CRC (OR 3.49 \[95% CI, 3.13--3.89\]), advanced stage CRC (OR 2.10 \[95% CI, 1.73--2.56\]), and high-risk adenomas (OR 1.59 \[95% CI, 1.50--1.68\]). As in the 61--90 days, group participants were less likely to be diagnosed with a low-risk adenoma (OR 0.55 \[95% CI, 0.51--0.59\]).

In the \>90 days, group participants were more likely to be diagnosed with any-stage of CRC, varying from a 3.58 OR for stage I (OR 3.58 \[95% CI, 2.89-4.45\]) to a 1.66 OR in stage IV (OR 1.66 \[95% CI, 1.15-2.40\]).

Accounting for gender, year of screening, and age moderately reduced the strength of the association, but did not change the direction of the results.

In the sensitivity analysis, the associations were tested for the elapsed time from both initial screening invitation and positive FIT to conclusive OC. The elapsed time from positive FIT to conclusive OC was found to influence the odds of being diagnosed with CRC by up to 5.32 (OR 5.32 \[95% CI, 4.89--5.79\]) times among those receiving the investigation more than 90 days after positive FIT ([Table S2](#ST0002)). The time from initial invitation to positive FIT did not influence the probability of being diagnosed with CRC.

Discussion {#S0004}
==========

In this FIT-positive screening population, the time from initial invitation to conclusive OC correlated positively to the probability of detecting CRC, advanced stage disease and high-risk adenomas. For low-risk adenomas, a reverse trend was found. The time from initial invite to positive FIT did not appear to affect the probability of CRC in the sensitivity analysis, and cannot be ascribed a role to the increase in odds. In this study, the mean time from invitation to conclusive examination was 72.2 days, of which the mean time from invitation to positive sample was 38.9 days and the mean time from positive sample to OC was 33.3 days. Nearly 80% of all screening participants underwent the final examination within 90 days. The European guidelines for CRC screening recommend OC being performed within 31 days after a positive FIT[@CIT0006] Our findings suggest that high-risk individuals appear to have a delay to the conclusive screening examination, which might lead to neoplastic progression of the disease and thus influence the possibility of curative treatment.

The reason why there is an increase in neoplastic findings with increasing time to conclusive examination in this study is unclear. A possible explanation is that the different groups of participants are likely to have a different demographic composition, rather than different neoplastic growth. A lower socioeconomic status, gender, and increased age have been found to negatively affect CRC screening uptake[@CIT0012]--[@CIT0014] and might explain the delay presented in our population as well.

Personal factors of the participants might also cause a delay in uptake, such as psychological impact (perceived susceptibility and severity), structural issues (eg, distance to hospital, OC capacity), or attitude toward screening.[@CIT0022],[@CIT0023]

Corley et al, performed a similar study focusing mainly on time from positive FIT to conclusive OC.[@CIT0017] They concluded that an OC after more than 10 months was associated with a higher risk of CRC and advanced stage disease. Our findings are consistent with these findings and support their argument that elapsed time to screening should be considered as a variable in future studies.

Strengths of this study are a large and diverse study population extracted from the Danish national databases, a large number of pathologically validated neoplasia outcomes, and absence of selection-bias since all citizens in the designated age-group were invited.

A limitation of this study is the validity of the data from the DCCSD, especially due to errors in registration and the pooling-process from other databases. It is of concern that 4,100 screening participants are not registered in the database with a conclusive finding. This may be caused by errors in the registration from the hospitals or in the merging process from the DCCSD with other databases.

Another limitation is that the UICC stage of 21% of the cancers was not registered in the DCCSD. A likely explanation is that this stage is dependent on pathologic evaluation, which can be complicated in case of piecemeal resections of large polyps, and complete response after chemo- or radiotherapy in rectal cancers. Therefore, it is possible that the group with missing stage registration differs from our study population, which should be considered in follow-up studies.

Our group is planning further studies examining the composition of the study population in more detail in order to detect which factors contribute to a delay of conclusive OC and should be addressed in CRC screening programs.

Conclusion {#S0005}
==========

There is an association between elapsed time from initial screening invitation to conclusive examination and an increased overall probability of being diagnosed with CRC, advanced stage disease, and high-risk adenomas in the Danish screening program. Explanations for this association will be investigated in follow-up studies.
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Disclosure {#S0006}
==========

The authors report no conflicts of interest in this work.

Supplementary materials {#S0007}
=======================

Table S1Different stages of colorectal cancer at different response times among screening participantsTime to examinationNo. of cases (%)Adjusted odds ratio (95% CI)Unadjusted odds ratio (95% CI)**UICC stage I (n=1.027)** ≤30 days109 (1.0)1 (reference)1 (reference) 31--60 days355 (1.5)1.57 (1.27--1.95)1.49 (1.20--1.85) 61--90 days189 (1.8)2.16 (1.70--2.74)1.89 (1.49--2.40) \>90 days374 (3.2)3.58 (2.89--4.45)3.28 (2.65--4.10)**UICC stage II (n=821)** ≤30 days127 (0.5)1 (reference)1 (reference) 31--60 days279 (1.2)1.05 (0.85--1.30)1.00 (0.81--1.24) 61--90 days134 (1.3)1.32 (1.03--1.68)1.14 (0.89--1.46) \>90 days281 (2.4)2.28 (1.84--2.82)2.09 (1.70--2.59)**UICC stage III (n=783)** ≤30 days111 (1.0)1 (reference)1 (reference) 31--60 days288 (1.2)1.23 (0.98--1.53)1.19 (0.95--1.48) 61--90 days134 (1.3)1.46 (1.13--1.88)1.31 (1.02--1.68) \>90 days250 (2.1)2.27 (1.81--2.85)2.13 (1.70--2.67)**UICC stage IV (n=259)** ≤30 days47 (0.4)1 (reference)1 (reference) 31--60 days92 (0.4)0.94 (0.66--1.34)0.89 (0.63--1.27) 61--90 days44 (0.4)1.17 (0.77--1.76)1.01 (0.67--1.53) \>90 days76 (0.6)1.66 (1.15--2.40)1.52 (1.05--2.18)[^4] Table S2Sensitivity analysis on time and odds of finding cancer on conclusive examinationTime to FIT from inviteAny colorectal cancerAdvanced stage colorectal cancerNo. of cases (%)Odds ratio (95% CI)No. of cases (%)Odds ratio (95% CI)≤30 days2,412 (6.3)1 (reference)698 (1.8)1 (reference)31--60 days821 (5.5)0.99 (0.91--1.07)231 (1.5)0.96 (0.82--1.12)61--90 days315 (5.8)1.06 (0.94--1.20)103 (1.9)1.19 (0.97--1.47)\>90 days184 (5.2)1.05 (0.90--1.23)51 (1.4)0.99 (0.74--1.32)**Time to OC from pos. FIT-test**≤30 days1,868 (4.2)1 (reference)635 (1.4)1 (reference)31--60 days579 (10.1)2.49 (2.56--2.75)161 (2.8)1.93 (1.62--2.30)61--90 days220 (11.1)2.68 (2.31--3.10)57 (2.9)1.92 (1.46--2.53)\>90 days972 (20.1)5.32 (4.89--5.79)189 (3.9)2.59 (2.19--3.06)[^5]

[^1]: **Abbreviations:** IQR, interquartile range; FIT, Fecal Immunochemical Test; OC, Optical Colonoscopy.

[^2]: **Note:** ^a^Adjusted for gender, year and age.

[^3]: **Abbreviation:** OC, Optical Colonoscopy.

[^4]: **Note:** Adjusted for gender, year and age.

    **Abbreviation:** UICC, Union for International Cancer Control.

[^5]: **Note:** Adjusted for gender, year, and age.

    **Abbreviations:** FIT, Fecal Immunochemical Test; OC, Optical Colonoscopy.
